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(54) Turbogenerator/motor control system 

(57) A turbogenerator/motor controller with a micro- 
processor based Inverter having multiple modes of op- 
eration witin an energy storage and disciiarge system 
including an ancillary electric storage device, sucli as a 
battery, connected to the generator controller through 
control electronics. Electrical energy can flow from the 
ancillary electric storage device to the turbogenerator 



controller during start up and increasing load and vice 
versa during self-sustained operation of the turbogen- 
erator. When utility power is unavailable, the ancillary 
electric storage device can provide the power required 
to start the turbogenerator. When a load transient oc- 
curs, the gas turisine engine and the ancillary electric 
storage device provide the power required to success- 
fully meet the transient. 




FIG. 3 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to the general field of tur- 
bogenerator/motor controls and more particularly to an 
improved system for control of the gas turbine engine of 
a turbogenerator/motor 

BACKGROUND OF THE INVENTION 

[0002] A permanent magnet generator/motor gener- 
ally Includes a rotor assembly having a plurality of equal- 
ly spaced magnet poles of altemating polarity around 
the outer periphery of the rotor or, in more recent times, 
a solid structure of samarium cobalt or neodymium-iron- 
boron. The rotor is rotatable within a stator which gen- 
erally includes a plurality of windings and magnetic 
poles of alternating polarity. In a generator mode, rota- 
tion of the rotor causes the permanent magnets to pass 
by the stator poles and coils and thereby induces an 
electric current to flow in each of the coils. Alternately, 
if an electric current is passed through the stator coils, 
the energized coils will cause the rotor to rotate and thus 
the generator will perform as a motor. 
[0003] One of the applications of a permanent magnet 
generator/motor is referred to as a turbogenerator which 
includes a power head mounted on the same shaft as 
the permanent magnet generator/motor, and also in- 
cludes a combustor and recuperator. The turbogenera- 
tor power head would normally include a compressor, a 
gas turbine and a bearing rotor through which the per- 
manent magnet generator/motor tie rod passes. The 
compressor Is driven by the gas turbine which receives 
heated exhaust gases from the combustor supplied with 
preheated air from recuperator. 

[0004] A permanent magnet turbogenerator/motor 
can be utilized to provide electrical power for a wide 
range of utility, commercial and industrial applications. 
While an individual permanent magnet turbogenerator 
may only generate 24 to 50 kilowatts, powerplants of up 
to 500 kilowatts or greater are possible by linking nu- 
merous permanent magnet turbogenerator/motors to- 
gether. Standby power, peak load shaving power and 
remote location power are just several of the potential 
utility applications which these lightweight, low noise, 
low cost, environmentally friendly, and thermally effi- 
cient units can be useful for. To meet the stringent utility 
requirements, particularly when the permanent magnet 
turbogenerator/motor is to operate as a supplement to 
utility power, precise control of the permanent magnet 
turbogenerator/motor is, however, required. 
[0005] In order to start the turisogenerator/motor, 
electric current is supplied to the stator coils of the per- 
manent magnet generator/motor to operate the perma- 
nent magnet generator/motor as a motor and thus to ac- 
celerate the gas turbine of the turbogenerator. During 
this acceleration, spark and fuel are introduced in the 



correct sequence to the combustor and self-sustaining 
gas turbine conditions are reached. 
[0006] An example of a turiDogenerator/motor start-up 
system is described in United States Patent Application 

5 No. 837,600 filed April 21 , 1 997 by Edward C. Edelman 
entitled "Gas TuriDine Engine with Fixed Speed Light-Off 
System and Method", assigned to the same assignee 
as this application and incorporated herein by reference. 
[0007] At this point, the inverter is disconnected from 

10 the permanent magnet generator/motor, reconfigured to 
a controlled 50/60 hertz mode, and then either supplies 
regulated 50/60 hertz three phase voltage to a stand 
alone load or phase locks to the utility, or to other like 
controllers, to operate as a supplement to the utility. In 

IS this mode of operation, the power for the inverter is de- 
rived from the permanent magnet generator/motor via 
high frequency rectifier bridges. A microprocessor can 
monitor turbine conditions and control fuel flow to the 
gas turbine combustor. 

20 [0008] An example of such a turbogenerator/motor 
control system is described in United States Patent Ap- 
plication No. 924,066, filed September 8, 1 997 by Ever- 
ett R. Geis and Brian W. Peticolas entitled 'TuriDogen- 
erator/Motor Controller", assigned to the same assignee 

25 as this application and incorporated herein by reference. 
[0009] A typical gas turi^ine engine of a turbogenera- 
tor/motor operates as a constant speed. The gas turbine 
engine is accelerated to the maximum sustained oper- 
ating speed and loaded as required. Electronic voltage 

30 regulatbn will maintain a constant voltage. Operating 
the turbogenerator/rtKDtor at a constant speed does not, 
however, result in maximum operating efficiency for the 
gas turbine engine. 

35 SUMMARY OF THE INVENTION 

[0010] The turbogenerator/motor control system of 
the present invention includes a microprocessor-based 
inverter having multiple modes of operation and a plu- 

40 rality of proportional integral control loops including a 
fuel command control loop and a current command con- 
trol loop. The exhaust gas temperature of the gas tur- 
bine is maintained at a constant value with stability 
achieved by varying the sampling times of the different 

45 proportional Integral controls within the control loops. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Having thus described the present invention in 
so general terms, reference will now be made to the ac- 
companying drawings in which: 

Figure 1 is a perspective view, partially cut away, of 
a permanent magnet turbogenerator/motor utilizing 
55 the gas turbine engine control system of the present 
invention; 

Figure 2 is a functional block diagram of the inter- 
face between the permanent magnet turbogenera- 
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tor/motor of Figure 1 and the controller including the 
gas turbine engine control system of the present in- 
vention; 

Figure 3 is a functional block diagram of the perma- 
nent magnet turbogenerator/motor controller in- 
cluding the gas turbine engine control system of the 
present invention; 

Figure 4a is a functional block diagram of the fuel 
command control loop of the gas turbine engine 
control system of the present invention; and 
Figure 4b is a functional block diagram of the cur- 
rent command control loop of the gas turbine engine 
control system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] A permanent magnet turbogenerator/motor 1 0 
is illustrated in Figure 1 as an example of a turbogen- 
eralor/molor utilizing the gas turbine engine control sys- 
tem of the present invention. The permanent magnet 
turbogenerator/motor 1 0 generally comprises a perma- 
nent magnet generator 1 2, a power head 1 3, a combus- 
tor 14 and a recuperator (or heat exchanger) 15. 
[0013] The permanent magnet generator 12 includes 
a permanent magnet rotor or sleeve 16, having a per- 
manent magnet disposed therein, rotatably supported 
within a permanent magnet stator 1 8 by a pair of spaced 
journal bearings. Radial permanent magnet stator cool- 
ing fins 25 are enclosed in an outer cylindrical sleeve 27 
to form an annular air flow passage which cools the per- 
manent magnet stator 18 and thereby preheats the air 
passing through on its way to the power head 1 3. 
[0014] The power head 1 3 of the permanent magnet 
turbogenerator/motor 10 includes compressor 30, gas 
turbine 31, and bearing rotor 36 through which the tie 
rod 29 passes. The compressor 30, having compressor 
impeller or wheel 32 which receives preheated air from 
the annular air flow passage in cylindrical sleeve 27 
around the permanent magnet stator 1 8, is driven by the 
gas turbine 31 having turbine wheel 33 which receives 
heated exhaust gases from the combustor 14 supplied 
with air from recuperator 15. The compressor wheel 32 
and turbine wheel 33 are rotatably supported by bearing 
shaft or rotor 36 having radially extending bearing rotor 
thrust disk 37. The bearing rotor 36 Is rotatably support- 
ed by a single journal bearing within the center bearing 
housing while the bearing rotor thrust disk 37 at the com- 
pressor end of the bearing rotor 36 is rotatably support- 
ed by a bilateral thrust bearing. The bearing rotor thrust 
disk 37 is adjacent to the thrust face at the compressor 
end of the center bearing housing while a bearing thrust 
plate is disposed on the opposite side of the bearing ro- 
tor thrust disk 37 relative to the center housing thrust 
face. 

[0015] Intake air is drawn through the permanent 
magnet generator 12 by the compressor 30 which In- 
creases the pressure of the air and forces It into the re- 



cuperator 15. In the recuperator 15, exhaust heat from 
the gas turbine 31 is used to preheat the air before it 
enters the combustor 14 where the preheated air is 
mixed with fuel and bumed. The combustion gases are 

s then expanded in the gas turbine 31 which drives the 
compressor 30 and the permanent magnet rotor 16 of 
the permanent magnet generator 12 which is mounted 
on the same shaft as the gas turbine 31 . The expanded 
turbine exhaust gases are then passed through the re- 

10 cuperator 15 before being discharged from the turbo- 
generator/motor 10. 

[0016] A f unctbnal block diagram of the interface be- 
tween the generator controller 40 and the permanent 
magnet turbogenerator/motor 10 for stand-alone oper- 

^5 ation is illustrated in Figure 2. The generator controller 
40 receives power 41 from a source such as a utility to 
operate the permanent magnet generator 1 2 as a motor 
to start the turbine 31 of the power head 1 3. During the 
start sequence, the utility power 41 Is rectified and a con- 

20 trolled frequency ramp is supplied to the permanent 
magnet generator 12 which accelerates the permanent 
magnet rotor 16 and the compressor wheel 32, bearing 
rotor 36 and turbine wheel 33. This acceleration pro- 
vides an air cushion for the air bearings and airflow for 

2S the combustion process. At about 14,000 rpm, spark 
and fuel are provided and the generator controller 40 
assists acceleration of the turbogenerator 1 0 up to a set 
speed of approximately 30.000 rpm to complete the start 
sequence. The fuel control valve 44 Is also regulated by 

30 the generator controller 40 which reduces fuel to regu- 
late the turbine exhaust gas temperature to a set value 
of between 600 and 900 degrees Fahrenheit. 
[0017] Once this initial self-sustained operation is 
achieved, the permanent magnet motor is turned off and 

55 the generator controller 40 is reconfigured. For grid con- 
nect applications, output 42 is connected to input 41 , 
and these terminals are then the single grid connection. 
[0018] The generator contactor 53 connects the per- 
manent magnet generator 12 to the inverter 49 during 

40 the start sequence. Initial starting current approximates 
nominal operating current for about 2 seconds then re- 
duces to a lower value for the balance of the accelera- 
tion period. After the start sequence is completed, the 
generator 1 2 produces enough output voltage at the out- 

45 put terminals of the generator rectifier 54 to provide 
three phase regulated output from the inverter 49, so 
both the start contactor 46 and generator contractor are 
opened and the system is then self sustaining. 
[0019] During startup of the permanent magnet turbo- 

50 generator/motor 1 0, both the start power contactor 46 
and the generator contactor 53 are closed and the out- 
put contactor 52 is open. Once self sustained operation 
is achieved, the start power contactor 46 and the gen- 
erator contactor 53 are opened and the PWM inverter 

55 49 is reconfigured to a controlled 50/60 hertz mode. Af- 
ter the reconfiguration of the PWM inverter 49, the out- 
put contactor 52 is closed to connect the AC output 42. 
The start power contactor 46 and generator contactor 
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53 will remain open. 

[CX)20] The functional blocks internal to the generator 
controller 40 are illustrated in Figure 3. The generator 
controller 40 includes in series the start power contactor 
46, rectifier 47. DC bus capacitors 48. pulse width mod- 
ulated (PWM) inverter 49, AC output filter 51. output 
contactor 52, generator contactor 53, and permanent 
magnet generator 12. The generator rectifier 54 is con- 
nected from between the rectifier 47 and bus capacitors 
48 to between the generator contactor 53 and perma- 
nent magnet generator 12. The AC power output 42 is 
taken from the output contactor 52 while the neutral is 
taken from the AC filter 51. 

[0021] The control logic section consists of control 
power supply 56, control logic 57. and solid state 
switched gate drives illustrated as integrated gate bipo- 
lar transistor (IGBT) gate drives 58. but may be any high 
speed solid state switching device. The control logic 57 
receives a temperature signal 64 and a current signal 
65 while the IGBT gale drives 58 receive a voltage signal 
66. The control logic 57 sends control signals to the fuel 
cutoff solenoid 62, the fuel control valve 44, the ignitor 
60 and release valve 61. AC power 41 is provided to 
both the start power contactor 46 and in some instances 
directly to the control power supply 56 in the control togic 
section of the generator controller 40 as shown in 
dashed lines. 

[0022] Utility start power 41 . (for example, 208 AC 
voltage. 3 phase, 60 hertz), is connected to the start 
power contactor 46 through fuses (not shown). The start 
power contactor 46 may consist of a first normally open 
relay and a second normally closed relay, both of which 
are de-energized at start up. Altemately, both relays 
may be normally open and the control power supply 56 
receives input directly from utility power input 41 . Flame- 
proof power resistors can parallel the relays to provide 
a reduced current (approximately 10 amps maximum) 
to slowly charge the Internal bus capacitors 48 through 
the rectifier47 to avoid drawing excessive inrush current 
from the utility. 

[0023] Once the bus capacitors 48 are substantially 
charged, (to approximately 180 VDC. or 80% of nomi- 
nal); the control power supply 56 starts to provide low 
voltage togic levels to the control logic 57. Once the con- 
trol logic microprocessor has completed self tests, coil 
power is provided to first normally open relay of the start 
power contactor 46 to fully charge the bus capacitors 48 
to full peak line voltage. The bus capacitors 48 can be 
supplemented for high frequency filtering by additional 
film type (dry) capacitors. 

[0024] The PWM inverter 49 operates in two basic 
modes: a variable voltage (0-1 90 V line to line), variable 
frequency (0-700 hertz) constant volts per hertz, three 
phase mode to drive the permanent magnet generator/ 
motor 12 for start up or cooldown when the generator 
contactor 52 is ctosed; or a constant voltage (1 20 V line 
to neutral per phase), constant frequency three phase 
50/60 hertz mode. The control logic 57 and IGBT gate 
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drives 58 receive feedback via current signal 65 and 
voltage signal 66, respectively, as the turbine generator 
Is ramped up in speed to complete the start sequence. 
The PWM inverter 49 is then reconfigured to provide 
5 50/60 hertz power, either as a current source for grid 
connect, or as a voltage source. 
[0025] The PWM inverter 49 is truly a dual function 
inverter which is used both to start the permanent mag- 
net turbogenerator/motor 1 0 and is also used to convert 
10 the permanent magnet turbogenerator/motor output to 
utility power, either fifty or sixty hertz, three phase for 
stand alone applications, or as a current source device. 
With start power contactor 46 closed, single or three 
phase utility power is brought through the start power 
15 contactor 46 to be able to operate into a bridge rectifier 
47 and provide precharged power and then start voltage 
to the bus capacitors 48 associated with the PWM in- 
verter 49. This allows the PWM inverter 49 to function 
as a conventional adjustable speed drive motor starter 
20 to ramp the permanent magnet turbogenerator/motor 10 
up to a speed sufficierrt to start the gas turbine 31 
[0026] An additional rectifier 54. which operates from 
the output of the permanent magnet turbogenerator/mo- 
tor 1 0. accepts the three phase AC voltage from the per- 
2S manent magnet generator /motor 1 2 which at full speed 
is 1600 hertz and is classified as a fast recovery diode 
rectifier bridge. Six diode elements arranged in a classic 
bridge configuration comprise this high frequency recti- 
fier 54 which provides output power at DC 
30 [0027] When the PWM inverter 49 has brought the 
permanent magnet turbogenerator/motor 10 up to 
speed, the fuel solenoid 62, fuel control valve 44 and 
ignitor 60 cooperate to allow the combustion process to 
begin. Using again the adjustable speed drive portion 
35 capability of the PWM Inverter 49, the pemnanent mag- 
net turbogenerator/motor 10 is then accelerated to a 
speed at which the gas turt^ine 31 is capable of self- 
sustaining operation. 

[0028] The reconfiguration or conversion of the PWM 

40 inverter 49 to be able to operate as a current source syn- 
chronous with the utility grid is accomplished by first 
stopping the PWM inverter 49. The AC output or the grid 
connect point is monitored with a separate set of logic 
monitonng to bring the PWM inverter 49 up in a synchro- 

45 nized fashion. The generator contactor 53 functions to 
close and connect only when the PWM inverter 49 
needs to power the permanent magnet turbogenerator/ 
motor 10 which is during the start operation and during 
the cool down operation. The output contactor 52 is only 

50 enabled to connect the PWM inverter 49 to the grid once 
the PWM inverter 49 has synchronized with grid voltage. 
[0029] At self sustaining speed, the gas turbine ex- 
haust gas temperature is limited to a maximum temper- 
ature and the permanent magnet motor tumed off, fuel 

55 flow is rapidly ramped up to accelerate the gas turbine 
to a speed at which power can be extracted. This speed 
Is determined by the AC voltage of the permanent mag- 
net generator/motor 12 required to produce a minimum 
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DC bus voltage. Minimum DC bus voltage is the voltage 
required to produce power through the PWM inverter 49 
at the set AC output voltage on output terminals 42. 
[0030] Once this selected bus voltage and corre- 
sponding speed are achieved, the generator controller 
40 is reconfigured to produce 50/60 hertz, three phase 
AC from the rectified high frequency AC output of the 
high speed permanent magnet turbogenerator 10. At 
this point, the proportional integral control loops illustrat- 
ed in Figures 4a and 4b control the operation of the tur- 
bogenerator. The fuel command control loop 70 of Fig- 
ure 4a includes a power comparator 71 which compares 
an actual power signal with a power setpoint and pro- 
vides a signal to a power proportional integral control 72 
having a 500 millisecond sampling time. 
[0031] The output signal from this power proportional 
integral control 72 is provided to a speed comparator 73 
through a speed setpoint limitor 74. The speed compa- 
rator 73 compares the speed setpoint with an actual 
speed signal and provides a signal to the speed propor- 
tional integral control 75. The signal from the speed pro- 
portional integral control 75, which has a 20 millisecond 
sampling time, delivers its signal to a selector 76 which 
also receives a signal from a minimum DC bus voltage 
proportional integral control 78 also having a 20 milli- 
second sampling time. This minimum DC bus voltage 
proportional integral control 78, which receives a signal 
from an minimum DC bus voltage comparator 77 which 
compares an actual bus voltage signal with a setpoint 
bus voltage, controls during no load operation to main- 
tain the speed and hence the bus voltage at the mini- 
mum level that is required to be maintained. The selec- 
tor 76 selects the highest value signal from either the 
speed proportional integral control 75 or minimum DC 
bus voltage proportional integral control 78 and provides 
it to the fuel limitor 79 which produces a fuel command 
signal to the fuel control valve 44. 
[0032] The output cun-ent or current command control 
loop 80 is illustrated in Figure 4b. Exhaust gas temper- 
ature comparator 81 compares the actual exhaust gas 
temperature signal with a setpoint exhaust gas temper- 
ature to provide a signal to an exhaust gas temperature 
proportional integral control 82 having a 60 millisecond 
sampling time. A bus voltage setpoint limitor 83 receives 
the signal from the exhaust gas temperature proportion- 
al integral control 82 and provides a signal to voltage 
comparator 84 which also receives an actual bus volt- 
age signal. The signal from the voltage comparator 84 
is provided to a lower bus voltage proportional integral 
control 85, having 1 millisecond sampling time, to pro- 
duce an output current signal. 

[0033] The gas turbine control system Is designed to 
regulate the operation of the permanent magnet turbo- 
generator gas turbine engine with the exhaust gas tem- 
perature maintained at a constant value to allow for high 
efficiency over a wide range of power settings. The ex- 
haust gas temperature is only lowered when the bus 
voltage hits its minimum limit and forces the exhaust gas 



temperature to decrease. 

[0034] To increase the power output of the turbogen- 
erator, an increased power setpoint is provided and the 
speed setpoint of the gas turbine is raised through the 
s power proportional integral control 72. Fuel is then com- 
manded (added) to raise the speed, and power output 
potential, of the system. Momentarily the exhaust gas 
temperature is increased while fuel is being added to 
the gas turbine. Once, however, acceleration begins 
and the gas turbine speed is increased, air flow through 
the turbine increases thereby lowering the exhaust gas 
temperature of the gas turbine. The exhaust gas tem- 
perature proportional integral control 82 lowers the DC 
bus voltage setpoint into the bus voltage comparator 84 
and the power output of the turbogenerator system is 
increased when the lower bus voltage proportional inte- 
gral control 85 commands more output current to reduce 
the difference in the value of the comparator 84. 
[0035] To reduce the power output of the turbogen- 
erator, a decreased power setpoint is provided and the 
speed setpoint of the gas turbine is decreased through 
the power proportional integral control 72. Fuel is then 
commanded (reduced) to lower the speed, and power 
output potential, of the system. Momentarily the exhaust 
gas temperature is decreased while fuel is being de- 
creased to the gas turbine. Once, however, deceleration 
begins and the gas turbine speed is decreased, air flow 
through the turbine decreases thereby raising the ex- 
haust gas temperature of the gas turbine. The exhaust 
gas temperature proportional integral control 82 in- 
creases the DC bus voltage setpoint into the bus voltage 
comparator 84 and the power output of the turbogen- 
erator system is decreased when the lower bus voltage 
proportional integral control 85 commands less output 
current to reduce the difference in the value of the com- 
parator 84. 

[0036] The control loop sampling times are essential 
when multiple proportional integral controls are used in 
series. For example, the power proportional integral 
control 72 must respond at a slower rate to allow the 
speed proportional integral control 75 to achieve the cur- 
rent speed setpoint before a new setpoint is provided by 
72. A similar example occurs with exhaust gas temper- 
ature proportional integral control 82 and lower bus volt- 
age proportional integral control 85 are in senes. 
[0037] The timing between the series of proportional 
Integral controls In Figures 4a and 4b is essential to sta- 
bilizing the control system. Since exhaust gas temper- 
ature has a relationship with the fuel command to the 
gas turbine, It must respond with an adequate amount 
of time to maintain the exhaust gas temperature set- 
point. 

[0038] The loop timing of the power proportional inte- 
gral control 72 is also critical. Control is dependent on 
the response time of the speed and exhaust gas tem- 
perature controls, 75 and 82. The output of the gas tur- 
bine is related to the speed and temperature. Therefore 
these parameters must be stabilized before the power 
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proportional integral control receives it next feedback 

signal. 

[0039] The stability of the gas turbine control system 
is thus achieved by setting the sampling times of the dif- 
ferent proportional integral controls at different times. 
The high sampling rate of the speed and voltage pro- 
portional integral controls allow the system to settle to 
a steady state before a new speed setpoint is command- 
ed by the power proportional integral control. This effec- 
tively de-couples the interference of the power loop with 
the lower bus voltage loop. 

[0040] The efficiency of the gas turbine engine is sig- 
nificantly improved by maintaining the exhaust gas tem- 
perature at a constant value. The multi-Input, multi-out- 
put system effectively controls the turbogenerator oper- 
ation to achieve maximum power and efficiency. 
[0041] While specific embodiments of the invention 
have been illustrated and described, it is to be under- 
stood that these are provided by way of example only 
and thai the invention is not to be construed as being 
limited thereto but only by the proper scope of the fol- 
lowing claims. 



Claims 



1 . A method of controlling a permanent magnet turbo- 
generator/motor comprising the steps of: 

providing electrical power to the permanent 
magnet turbogenerator/motor through a pulse 
width modulated inverter to start the permanent 
magnet turbogenerator/motor to achieve sell- 
sustaining operation; 

disconnecting the electrical power from the 
pulse width modulated inverter once self-sus- 
taining operation is achieved; 
reconfiguring the pulse width modulated invert- 
er to supply voltage from the permanent mag- 
net turbogenerator/motor; and 
maintaining the exhaust gas temperature from 
said permanent magnet turbogenerator/motor 
at a substantially constant value while supply- 
ing voitage. 

2. A method of controlling a permanent magnet turbo- 
generator/motor comprising the steps of: 

providing electrical power to the permanent 
magnet turbogenerator/motor through a pulse 
width modulated inverter to drive the perma- 
nent magnet turbogenerator/motor as a motor 
to accelerate the gas turbine engine of the per- 
manent magnet turbogenerator/motor; 
providing spark and fuel to the gas turbine en- 
gine of the permanent magnet turbogenerator/ 
nrrator during this acceleration to achieve self- 
sustaining operation of the gas turbine engine; 



disconnecting the electrical power from the 
pulse width modulated inverter once self-sus- 
taining operation is achieved; 
reconnecting the pulse width modulated invert- 

5 er to the permanent magnet turbogenerator/ 

motor through a rectifier bridge to reconfigure 
the pulse width modulated inverter to supply 
utility frequency voltage; and 
maintaining the exhaust gas temperature from 

10 said permanent magnet turbogenerator/motor 

at a substantially constant value while supply- 
ing utility frequency voltage. 

3. A controller for a permanent magnet turbogenera- 
is lor/motor, comprising: 

a pulse width modulated inverter operably as- 
sociated with said permanent magnet turbo- 
generator/motor; 
20 means to provide electrical power to said per- 

manent magnet turbogenerator/motor through 
said pulse width modulated inverter to start said 
penmanent magnet turbogenerator/motor to 
achieve self sustaining operation; 
2S nrwans to disconnect the electrical power from 

said pulse width modulated inverter once self- 
sustaining operation of said permanent magnet 
turbogenerator/motor is achieved; 
means to reconfigure said pulse width modu- 
30 lated inverter to supply voltage from said per- 

manent magnet turbogenerator/motor; and 
means to maintain the exhaust gas tempera- 
ture from said permanent magnet turbogenera- 
tor/nnotor at a substantially constant value while 
35 supplying voltage. 

4. A controller for a permanent magnet turbogenera- 
tor/motor having a gas turbine engine, comprising: 

40 a pulse width modulated inverter operably as- 

sociated with said pemnanent magnet turbo- 
generator/motor; 

means to provide electrical power to said per- 
manent magnet turbogenerator/motor through 
45 said pulse width modulated inverter to drive 

said permanent magnet turbogenerator/motor 
as a motor to accelerate said gas turbine en- 
gine of sakd permanent magnet turbogenerator/ 
motor; 

so means to provide spark and fuel to said gas tur- 

bine engine of said permanent magnet turbo- 
generator/motor during this acceleration to 
achieve self sustaining operation of sak:l gas 
turbine engine; 
55 means to disconnect the electrical power from 

said pulse width modulated inverter and said 
permanent magnet turbogenerator/motor once 
self-sustaining operation of said gas turbine en- 
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gine is achieved; 

a rectifier bridge operably associated with said 
pulse width modulated inverter and said perma- 
nent magnet turbogenerator/motor; 
means to reconnect said pulse width modulat- 
ed inverter to said permanent magnet turbo- 
generator/motor through said rectifier bridge to 
reconfigure said pulse width modulated inverter 
to supply utility frequency voltage; and 
means to maintain the exhaust gas tempera- 
ture from said gas turbine engine of said per- 
manent magnet turbogenerator/motor at a sub- 
stantially constant value while supplying utility 
frequency voltage. 

The controller for a permanent magnet turbogen- 
erator/motor of claim 4 wherein said means to main- 
tain the exhaust gas temperature from said gas tur- 
bine engine of said permanent magnet turbogen- 
erator/motor at a substantially constant value while 
supplying utility frequency voltage includes a fuel 
command proportional integral control loop and/or 
a current command proportional integral control 
loop. 

The controller for a permanent magnet turbogen- 
erator/rTK>tor of claim 5 wherein said fuel comnnand 
proportional integral control loop includes a power 
proportional integral control and/or a speed propor- 
tional integral control. 
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The controller for a permanent magnet turbogen- 
erator/motor of claim 9 or 10 wherein said power 
proportional integral control has a lower sampling 
time than said exhaust gas temperature proportion- 
al integral control, and/or said exhaust gas temper- 
ature proportional Integral control has a lower sam- 
pling time than said speed proportional integral con- 
trol, and/or said speed proportional integral control 
has a lower sampling time than said lower bus volt- 
age proportional integral control. 



The controller for a permanent magnet turbogen- 
erator/motor of claim 6 wherein said speed propor- 
tional integral control has a higher sampling time 
than said power proportional integral control. 
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8. The controller for a permanent magnet turbogen- 
erator/motor of claim 6 or 7 wherein said fuel com- 
mand proportional integral control loop additionally 
includes a minimum DC bus voltage proportional in- 
tegral control and a selector to select the highest 
signal from said speed proportional integral control 
and said minimum DC bus voltage proportional In- 
tegral control. 

9. The controller for a permanent magnet turtxjgen- 
erator/motor of any of claims 5 to 8 wherein said 
current command proportional integral control loop 
includes an exhaust gas temperature proportional 
integral control and/or a lower bus voltage propor- 
tional integral control. 
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10. The controller for a permanent magnet turbogen- 
erator/motor of claim 9 wherein said lower bus volt- 
age proportional integral control has a higher sam- 
pling time than said exhaust gas temperature pro- 
portional integral control. 
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FIG. 3 
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